Although it has been previously reported that radiotherapy (RT) effectively reduced the incidence of local recurrence of ductal carcinoma in situ (DCIS) following breastconserving surgery (BCS), little is known about the effect of RT on survival of patients with locally excised DCIS. Patients and methods: Using Surveillance, Epidemiology, and End Results registry data, we selected 56,968 female DCIS patients treated with BCS between 1998 and 2007. Overall survival (OS) and breast cancer-specific survival (BCSS) were compared among patients who received RT or no RT using the Kaplan-Meier methods and Cox proportional hazards regression models. Results: Median follow-up was 91 months. In the multivariable model, patients receiving postoperative RT had better OS than those undergoing BCS alone (hazard ratio [HR] 0.59, 95% confidence interval [CI] 0.53-0.67, P,0.001). This pattern remained after stratification by estrogen receptor (ER) status and age. In contrast, RT delivery was not significantly associated with improved BCSS (HR 0.71, 95% CI 0.48-1.03, P=0.073). However, after stratifying by the above two variables, RT contributed to better BCSS in ER-negative/borderline patients (HR 0.41, P=0.023) and younger patients (#50 years old; HR 0.37, 95% CI 0.15-0.91, P=0.030). Conclusion: Our analysis confirms the beneficial effect of RT on OS in women with locally excised DCIS and reveals the specific protective effect of RT on BCSS in ER-negative/borderline and younger patients.
Introduction
Ductal carcinoma in situ (DCIS) is defined as a premalignant condition that involves proliferation of neoplastic mammary ductal epithelial cells without evidence of invasion beyond the basement membrane.
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To date, four randomized controlled trials (RCTs) have investigated the effectiveness of RT in reducing local recurrence (LR) of DCIS after BCS. [4] [5] [6] [7] All four trials confirmed that postoperative RT reduced in situ or invasive recurrences by approximately 50%. However, long-term results of the NSABP B-17 trial showed that RT was not associated with overall mortality reduction. 8 In addition, the EORTC and SweDCIS trials showed that the long-term prognosis of DCIS was not influenced by RT. 9, 10 Nevertheless, only two trials took survival as a study endpoint. 9, 10 In the SweDCIS trial, there existed a potential positive selection bias in determining the cause of death; the authors only retrieved the medical records of women with a previous ipsilateral or contralateral event. 10 In the EORTC trial, there existed misclassification in the pathological assessments of the cases; 5% and 3% of the lesions were reclassified as benign disease and microinvasive carcinoma, respectively. 11 The sample size of the aforementioned single trial was relatively small. The publication of data from the four RCTs did not settle the ongoing debates regarding the pros and cons of RT following BCS for DCIS treatment.
Therefore, we performed this SEER population-based analysis to investigate the effect of RT on survival of DCIS patients who had undergone BCS with or without postoperative RT, aiming to provide some evidence to assist clinical decision-making in the management of DCIS.
Materials and methods ethics statement
We have access to the data released from the SEER database by complying with data-use agreements for the SEER research data file. This study was approved by the Ethical Committee and Institutional Review Board of Fudan Cancer Center.
Data acquisition and patient selection
The study population was obtained from the records of the SEER database. Patients diagnosed with breast cancer between January 1, 1998 and December 31, 2007 were selected. Patients diagnosed with breast cancer before 1998 were excluded because of unavailable surgery information. 12 Patients diagnosed with breast cancer after 2007 were excluded to guarantee an adequate follow-up time. Patients aged more than 79 years were excluded because RT is unlikely to benefit these patients due to the competing risk of death from comorbid disease. 13 The specific inclusion criteria are listed as follows: female, age at diagnosis between 18 years and 79 years, pathologically confirmed DCIS, surgical treatment with BCS, and breast cancer as the first and only primary malignancy; only patients who received postoperative RT or no RT following BCS were included. There is a potential misclassification bias of clinicopathologic variables in the SEER database, so we only included patients with positive histology confirmation to minimize this bias. The algorithm for patient selection is shown in Figure 1 .
Outcome measurements
The primary outcomes of interest were overall survival (OS) and breast cancer-specific survival (BCSS). Vital status was obtained as alive or dead. BCSS was calculated from the date of diagnosis to the date of death attributed to breast cancer; patients were counted as censored if they died from other causes at the date of death, were lost to follow-up, or survived beyond December 31, 2007 . OS was calculated from the date of diagnosis to the date of death attributed to any causes; patients were coded as censored if they were lost to follow-up or survived beyond December 31, 2007. covariates Patient characteristics included age at diagnosis, year of diagnosis, race, marital status, and socioeconomic position (SEP). Age at diagnosis was dichotomized into #50 years and .50 years. Year of diagnosis was classified into 1998-2002 and 2003-2007 . Race was categorized into white, black, and other (American Indian/Alaskan Native, Asian/ Pacific Islander). Marital status was coded as married and non-married including divorced, widowed, single (never married), and separated. Three SEP measures derived from the 1990 and 2000 US censuses were used in this analysis. Percent of persons with an income below the federal poverty level was separated into ,10%, 10%-19.99%, and $20%.
14 Percent of adults (older than 25 years) with lower than highschool education level was divided into quartiles (#15.99%, 16%-20.80%, 20.81%-28.76%, and .28.76%) based on the distribution of the variable across all counties in the US using the SEER county attributes database. 15, 16 A povertyhigh school index combining the poverty and high-school variable was defined as low, middle, and high SEP categories as previously described by Schlichting et al. 16 Tumor characteristics included laterality (left, right), primary site of lesions, histological grade, estrogen receptor (ER) status (negative/borderline, positive), progesterone receptor (PR) status (negative/borderline, positive), and RT delivery (yes, no). Primary site of lesions was classified into single-quadrant lesions and multi-quadrant lesions. Histological grade was coded as grade I (well differentiated), grade II (moderately differentiated), and grade III-IV (poorly differentiated and undifferentiated; anaplastic). Comparisons of patient and tumor characteristics with respect to RT delivery were performed using the Pearson chi-square test. Survival outcomes were estimated using the KaplanMeier product-limit method, and survival difference was assessed with the log-rank test. A multivariate Cox proportional hazards model was applied to estimate the effect of covariates of interest on OS or BCSS. The estimated risks for OS or BCSS were presented as hazard ratios (HRs) with 95% confidence intervals (CIs). All the P-values were two-sided, and P,0.05 was considered statistically significant. All the statistical analyses were performed using Stata version 12.0 (Stata Corporation, College Station, TX, USA) and SPSS version 20.0 (IBM Corporation, Armonk, NY, USA).
Results
Descriptive statistics
We identified 56,968 eligible patients for our study. In total, 35,092 (61.6%) patients received postoperative RT following BCS, 598 (1.0%) patients died from breast cancer, and 4,866 (8.5%) patients died from other causes. All the identified patients were at American Joint Committee on Cancer stage zero (TisN0M0). Comparisons of patient and tumor characteristics with respect to RT delivery are summarized in Table 1 . Categories of RT delivery significantly differed with respect to age at diagnosis, year of diagnosis, race, percent below poverty, percent lower than high school education, poverty-high school index, marital status, ER status, PR status, primary site, and histological 
comparison of survival between no-rT and rT groups
The median follow-up was 91 months (approximately 7.6 years). The 5-year and 10-year OS rates were 93.6% (95% CI 93.2-93.9) and 84.3% (95% CI 83.7-84.9), respectively, in the No-RT group versus 96.7% (95% CI 96.5-96.9) and 89.6% (95% CI 89.1-90.0), respectively, in the RT group. The 5-year and 10-year BCSS rates were 99.5% (95% CI 99.3-99.6) and 98.4% (95% CI 98.1-98.6), respectively, in the No-RT group versus 99.6% (95% CI 99.5-99.7) and 98.6% (95% CI 98.4-98.8), respectively, in the RT group. Survival curves were generated using the Kaplan-Meier method. Compared with patients not receiving RT, patients receiving RT had better OS (log rank, P,0.001; Figure 2A ). However, this benefit was not obvious in BCSS (log rank, P=0.049; Figure 2B ).
Univariate and multivariate analyses of OS and BCSS using the Cox proportional hazards regression model are shown in Tables 2 and 3 . With regard to OS, patients who received postoperative RT had better OS than those in the No-RT group in both univariate analysis (HR 0.62, 95% CI 0.59-0.66, P,0.001) and multivariate analysis (HR 0.59, 95% CI 0.53-0.67, P,0.001); in addition, both univariate and multivariate analyses showed that younger age, nonblack race, being married, single-quadrant lesions, and positive PR were significantly associated with improved OS. With regard to BCSS, RT did not provide benefit for BCSS in multivariate analysis (HR 0.71, 95% CI 0.48-1.03, P=0.073); factors associated with improved BCSS included younger age, more recent year of diagnosis, white race, being married, and rightside breast cancer based on multivariate analysis.
Determination of the effect of rT on survival after stratification by ER status and age
We hypothesized the existence of confounding factors that would affect the interaction between RT delivery and clinical outcomes. Therefore, we performed further multivariate analyses stratifying by potential factors including age and ER status.
After stratifying by ER status (Tables S1 and S2) , 3,913 patients and 20,202 patients were found to have ERnegative/borderline and ER-positive disease, respectively. Consistent with results of the overall population analysis, RT had a favorable effect on OS in both ER-negative/borderline (HR 0.56, 95% CI 0.42-0.75, P,0.001) and ER-positive subgroups (HR 0.61, 95% CI 0.53-0.69, P,0.001). In contrast, we noted that RT delivery was specifically associated with improved BCSS in ER-negative/borderline patients (HR 0.41, 95% CI 0.19-0.88, P=0.023).
After stratifying by age (Tables S3 and S4) , 15,554 patients aged #50 years and 41,414 patients aged .50 years were identified. Consistent with the results of the overall population analysis, RT provided benefit for OS in both subgroups (younger group, HR 0.47, 95% CI 0.31-0.72, P,0.001; 
Discussion
DCIS is a biologically and clinically heterogeneous disease with good prognosis; however, the treatment of DCIS after BCS remains controversial. In the National Comprehensive Cancer Network guidelines for treatment of breast cancer (version 1, 2015) , RT is still an optional, but not a compulsory, treatment for DCIS following BCS. Therefore, we performed this analysis to investigate whether postoperative RT exerts a protective effect on the survival of DCIS patients after BCS.
In this population-based cohort of DCIS patients who underwent BCS, RT delivery was significantly associated with improved OS regardless of subgroup analysis after stratification, refuting the statement by two previous trials claiming that RT does not affect OS of DCIS patients. 9, 10 We speculated that one possible cause for this disparity was the sample size, for both trials lacked sufficient sample size to conclusively suggest effect of RT on OS. Another possible reason for the disparity was attributed to the year of diagnosis; the patients in our analysis were diagnosed in more recent years than those in the two trials, and thereby might benefit from more advanced RT techniques. Recently, Soeteman et al developed a simulation model integrating data from the The results of their model also suggested that RT offered a survival benefit for DCIS patients. 17 In contrast, BCSS did not benefit from RT in the overall population, but after stratification by ER status and age, RT acted as a protective factor in ER-negative/borderline and younger patients. We speculated that the role of RT might be masked by endocrine therapy in ER-positive patients. On one hand, endocrine therapy has a definite role in reducing LR risk, and recent clinical trial data indicated that endocrine therapy may be an adequate substitute for RT in some ER-positive older patients. [18] [19] [20] On the other hand, endocrine therapy is usually administered for 5 years and still exerts a carry-over effect after withdrawal. 21 In contrast, the benefit from RT was highlighted in ER-negative/borderline patients who did not receive any endocrine therapy. Recently, a retrospective study also suggested that RT could be omitted in ER-positive DCIS. 22 As with infiltrating breast cancer, young age (under 40 years or 50 years) has been shown to be associated with a higher LR rate of DCIS, as confirmed by several studies. 4, 5, 7, 23 Since the risk of recurrence in a conserved breast is much higher in younger than in older women, it could be reasonably reliably inferred that RT to a conserved breast would have a correspondingly greater effect on BCSS in younger than in older 
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Qian et al women. Moreover, avoidance of death from breast cancer gains more additional years of life expectancy for younger than for older women. Therefore, our results showed that only younger patients (#50 years old) benefited from RT with respect to BCSS. However, our results differ from two clinical trials (SweDCIS and UK/ANZ) suggesting that older women benefit more from RT than younger women do. 6, 24 There are several possible explanations for this disparity: First, the primary endpoint of these two trials was ipsilateral LR; the benefit of LR reduction could not be translated into survival benefit directly as death due to breast cancer after DCIS is a tertiary-level effect after LR and distant metastases. 25 Second, in the two trials, the older patients overwhelmingly accounted for a larger proportion than younger patients in both the RT group and overall population, especially in the UK/ANZ trial, in which over 90% of subjects were aged 50 years or more. Thus, clinical trials with age-balanced populations are required to solve this problem.
After adjusting for other known prognostic factors, our findings showed that married patients had better survival, which was consistent with another population-based study. 26 In addition, DCIS patients with right-sided lesions had better BCSS, which was similar to what was seen in invasive breast cancer. 27 Our analysis also supported the notion that black women had worse BCSS, as has been shown in existing studies. [28] [29] [30] In addition, our analysis showed that patients diagnosed in more recent years had better BCSS after adjusting for other factors, which supported other published studies suggesting a significant decline in breast cancer mortality over time, which was mainly due to advances in adjuvant therapies. 31, 32 There are several limitations in our analysis. First, it was a retrospective analysis based on the SEER population, among which several clinicopathological variables were not well balanced. Second, the SEER database did not provide complete tumor characteristics (eg, HER2/neu status, breast subtype, and tumor size), cancer therapy (chemotherapy, endocrine therapy, and RT types), and clinical outcome (recurrence and metastasis) variables; thus, these potential confounding factors could not be adjusted, nor could recurrence-free survival and distant metastasis-free survival be assessed. Third, the SEER database did not provide surgery information on patients diagnosed before 1998, so DCIS patients who underwent BCS before 1998 were omitted, leading to limited sample size for our analysis; the individual subgroups became smaller after stratification (especially by ER status), yielding limited statistical power. Finally, the current SEER database is only updated till 2011, limiting the identification of potential long-term survival differences based on current follow-up because breast cancer recurrence may occur after up to 15 years in the natural history of the disease. 18 Despite these limitations, our analysis confirms that postoperative RT contributes to improvement in OS in patients with locally excised DCIS. Regarding BCSS, our analysis reveals that women younger than 50 years benefit substantially from RT after local resection, and the protective role of RT becomes more evident in ER-negative/ borderline patients. Therefore, in the clinical practice, RT should be selectively recommended to the younger or ER-negative/borderline patients to avoid overtreatment of other patients. At the same time, it is important to note the fatal adverse effects of RT including contralateral breast cancer and cardiac or lung damage. But these adverse effects of local treatment would be gradually avoided by the progress of RT techniques.
Taken together, the results of our analysis would be helpful to clinical decision-making in the management of DCIS, but our findings need to be further validated in other databases. DCIS is a complex disease process with heterogeneous biological and clinical characteristics, requiring personalized therapy for the patients. Therefore, further biological and clinical studies should be sought to identify a "low-risk" subgroup of DCIS patients for whom RT may be avoided.
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